Bone-forming approaches to treat patients with severe osteoporosis are effective, but treatment options are limited, and there is an unmet clinical need for additional drugs. This review discusses two novel and advanced anabolic therapeutic concepts that have successfully completed phase 3 trials. Romosozumab is a monoclonal antibody that targets the Wnt inhibitor sclerostin. Two phase 3 trials (FRAME and ARCH) of romosozumab for the treatment of postmenopausal osteoporosis have been completed. Both trials successfully reached their primary endpoint by reducing vertebral fractures by 75% compared to placebo (FRAME trial) and 48% compared to alendronate (ARCH trial), respectively. Abaloparatide is a PTH-related protein (PTHrP) analog that has displayed bone anabolic activity. In the phase 3 ACTIVE trial, abaloparatide was compared to placebo and teriparatide for 18 months in postmenopausal women who had already experienced an osteoporotic fracture. Abaloparatide successfully reduced the rate of new vertebral fractures by 86% compared to placebo. Furthermore, abaloparatide achieved greater BMD increases at all measured sites compared to both placebo and teriparatide. Based on these results, abaloparatide was FDA approved in April 2017. This review discusses available data of both agents with regard to efficacy and safety as well as their possible future application.
Introduction
Antiresorptive drugs constitute the mainstay of osteoporosis treatment to date. In particular, bisphosphonates have been the most commonly used drugs, with a proven efficacy to reduce the risk of vertebral, hip and non-vertebral fractures (Papapoulos 2011) . Denosumab, a monoclonal antibody against the receptor activator of nuclear factor κB ligand (RANKL), is another potent antiresorptive agent, which results in continuous bone mineral density (BMD) accrual, suppression of bone turnover markers and fracture risk reductions, while maintaining an acceptable safety profile for up to 10 consecutive years of treatment (Bone et al. 2017) . Additional concepts like hormone replacement therapy or selective estrogen receptor modulators are available but generally restricted to women with less severe osteoporosis shortly after menopause.
These antiresorptive drugs suppress osteoclastogenesis and osteoclast function, resulting in suppression of bone turnover and thereby increase mineralization. However, the potency of this approach has limitations and structural defects are not corrected (Toulis et al. 2011) . Some patients with severe forms of osteoporosis will require more aggressive approaches to prevent the occurrence of fractures.
For these patients, teriparatide, a parathyroid hormone (PTH) analog, was the first osteoanabolic drug to be approved for the treatment of osteoporosis. However, its application is only approved for up to 24 months and requires daily subcutaneous injections. Due to a lack of competition, teriparatide is considerably more expensive than any antiresorptive approach, further limiting its use to a small number of osteoporotic patients. With a clear unmet need for additional bone anabolic drugs, this review will discuss two advanced new osteoanabolic concepts; namely parathyroid hormone-related peptide (PTHrP) analogs and sclerostin inhibition.
PTH and PTH-related peptide in bone
The actions of PTH on bone are mediated through the parathyroid hormone 1 receptor (PTH1R), a G-proteincoupled receptor, which is expressed on osteoblasts and osteocytes (McCudden et al. 2005) . A chronic sustained activation of the receptor by PTH, as is the case in primary hyperparathyroidism, exerts catabolic effects on bone and leads to an enhanced bone turnover, resulting in bone loss and an increased fracture risk (Lewiecki & Miller 2013) (Fig. 1 ). On the contrary, intermittent pulsatile exposure to PTH enhances bone formation (Frolik et al. 2003) and translates into increased bone mass and improved microarchitecture, particularly in the cancellous bone compartment (Leder 2017) . Consequently, the approval of teriparatide, a PTH analog comprising the first 34 amino acids of the endogenous hormone, constituted an important advance in the treatment of osteoporosis. Teriparatide has proven efficacy in increasing the spine and hip BMD while reducing the risk of vertebral and non-vertebral fractures in the settings of postmenopausal osteoporosis, osteoporosis in men and glucocorticoidinduced osteoporosis (Leder 2017) . One limitation in the mechanism of teriparatide is that while stimulating bone formation, a concomitant stimulation of bone resorption is observed, blunting the induced net bone gain (Glover et al. 2009 ).
While some of its actions overlap with PTH, PTHrP exerts a distinct role in certain aspects of bone biology
Figure 1
Abaloparatide is a synthetic peptide analog of parathyroid hormone-related peptide (PTHrP). Parathyroid hormone (PTH) activates the parathyroid hormone 1 receptor (PTHR1), a G-protein-coupled receptor on osteoblasts and osteocytes. Continuous presence of PTH favors bone resorption over formation by a sustained production of intracellular adenosine-3′,5′-cyclic monophosphate (cAMP). Here, PTH is locked into the receptor and results in a stabilized R 0 receptor conformation. Subsequent activation of adenylyl cyclase leads to a quick cAMP production right after peptide binding. The strong hormone-receptor complex is internalized into early endosomes and continuously produces cAMP leading to a sustained intracellular cAMP delivery. CAMP is degraded by phosphodiesterase-4 (PDE4) (A). Parathyroid hormone-related peptide (PTHrP) also functions through PTHR1 and induces the same quick cAMP production. By contrast to PTH signaling, PTHrP induces a short-signal R G receptor conformation and a more rapid and transient increase in cAMP. PTHR1 and the dissociated PTHrP are then degraded by endosomes at different locations. Short-cAMP-signaling is considered bone anabolic (B). Abaloparatide is a synthetic PTHrP analog which induces a similar signaling cascade thereby mediating anabolic signals in osteoblasts (C). and alterations in its functions are associated with various skeletal diseases. PTHrP is physiologically produced by mammary epithelial cells and is secreted into the milk and the systemic circulation. During lactation, circulating PTHrP activates bone resorption to mobilize maternal skeletal calcium stores that are required by the mammary gland for milk production (Wysolmerski 2012). PTHrP is best known as a mediator of cancer-induced humoral hypercalcemia (Wysolmerski 2012). High levels of circulating PTHrP then mediate an increased osteoclastic bone resorption, resulting in severe hypercalcemia.
PTH and PTHrP share eight of the first 13 amino acids and a similar secondary structure over the next 21 amino acids, and these homologous sequences allow them to bind and activate the same receptor PTH1R (Gensure et al. 2005) . Recent research has revealed that there are two high-affinity PTHR1 conformations, namely the G-protein-independent R 0 and the G-protein dependent R G conformation ) ( Fig. 1 ). Activation of the R 0 conformation leads to a longer signaling activation than activation of the PTH1R in the R G conformation, which results in a rapid but very transient signaling response (Boyce et al. 2018) . Based on these results, a more potent anabolic activation has been proposed with R G -selective ligands compared to R 0selective ligands (Cheloha et al. 2015) .
Abaloparatide
Abaloparatide is a 34 amino acid synthetic analog of PTHrP, with a 41% homology to human PTH (1-34) and a 76% homology to human PTHrP (1-34), which binds transiently but with a greater selectivity to the R G conformation of PTHR1 on the surface of osteoblasts and osteocytes than teriparatide . This difference in the respective interaction with the PTHR1 is considered to mediate the distinctive clinical effects of these two drugs, with abaloparatide displaying more modest effects on bone resorption than teriparatide (Boyce et al. 2018) . This is in concordance with previous human data showing that PTHrP administration causes a dosedependent increase in bone formation markers, while bone resorption markers remain virtually unchanged (Horwitz et al. 2010) .
Preclinical studies in ovariectomized rats revealed that treatment with abaloparatide over 12 months led to enhanced bone formation in both trabecular and cortical compartments without concomitantly increasing bone resorption (Varela et al. 2017a ). These effects translated into increased bone mass and bone strength in the spine and femur of these animals (Varela et al. 2017b ). Subsequently, effects of treatment with abaloparatide were investigated using ovariectomized cynomolgus monkeys (cynos), which constitute a model considered to reflect many aspects of postmenopausal osteoporosis (Smith et al. 2009 ). Abaloparatide administration to ovariectomized cynos for up to 10 months induced BMD gains and preferentially increased bone formation as revealed by histomorphometry (Legrand et al. 2001) . A recent study designed to evaluate longer-term effects over 16 months reproduced these findings, while also showing that abaloparatide treatment was associated with greater lumbar vertebral strength (Doyle et al. 2018) .
Abaloparatide has recently been approved for the treatment of postmenopausal osteoporosis by the FDA. This decision was primarily based on the findings from a phase 2 dose-finding study (Leder et al. 2015) and from the Abaloparatide Comparator Trial in Vertebral Endpoints (ACTIVE) Trial (Miller et al. 2016) . The phase 2 dosefinding study was a 24-week randomized, parallel group, double-blind, placebo-controlled study, comparing daily placebo; abaloparatide 20, 40 and 80 µg and teriparatide 20 mg in 222 women with postmenopausal osteoporosis (Leder et al. 2015) . At 24 weeks, abaloparatide 80 µg significantly increased BMD compared to placebo in the lumbar spine, femoral neck, and total hip (P < 0.05 for all three comparisons). The direct comparison between abaloparatide and teriparatide yielded a more pronounced BMD increase at the total hip with abaloparatide (2.6% vs 0.5%), while no significant differences were noted at the lumbar spine and femoral neck. The ACTIVE trial was an 18-month phase 3, double-blinded, randomized clinical trial, comparing daily injections of 80 µg abaloparatide with placebo, and open-label 20 µg teriparatide in 2463 women with postmenopausal osteoporosis (Miller et al. 2016) (Table 1) . When compared to placebo, abaloparatide led to a greater increase in BMD at the lumbar spine (11.2 vs 0.6%, P < 0.01), at the femoral neck (3.6 vs −0.4%, P < 0.01), and at the total hip (2.6% vs −0.1%, P < 0.01). Compared to teriparatide, abaloparatide led to more pronounced improvements in percentage BMD at the total hip (4.2 vs 3.3%, P < 0.01), and at the femoral neck (3.6 vs 2.7%, P < 0.01).
Primary endpoint of this trial was the reduction of vertebral fractures with abaloparatide compared to placebo. Vertebral fractures were reduced by 86% (HR: 0.14, 95% CI: 0.05-0.39, P < 0.001). Compared to placebo, non-vertebral fractures were significantly reduced in the abaloparatide (HR: 0.57, 95% CI: 0.32-1.00, P < 0.049) but not in the teriparatide group (HR: 0.79, 95% CI: 0.43-1.45, P = 0.44). Of note, this trial was not powered to directly compare the effect of abaloparatide and teriparatide on vertebral fractures and the definition of non-vertebral fractures chosen for analysis was different from previous teriparatide studies, which had demonstrated efficacy with regards to non-vertebral events. Exploratory analyses of major osteoporotic fractures revealed a favorable outcome for abaloparatide vs teriparatide (HR: 0.45, 95% CI: 0.21-0.95, P = 0.03).
Hypercalcemia was more frequent with teriparatide (6.1%) and abaloparatide (3.4%), than with placebo (0.4%), with a trend for higher hypercalcemia occurrence under teriparatide when compared to abaloparatide (P = 0.06). Other adverse effects were similar between the groups and comprised gastrointestinal complaints, injection-site reactions, dizziness and myalgia. Regarding neoplasms, there were no remarkable trends between groups. Reports of tumorigenicity are based on studies in rats. In a study comparing abaloparatide with teriparatide and placebo over 2 years, a higher incidence of osteosarcoma and osteoblastoma was noted with abaloparatide and teriparatide when compared to placebo (Jolette et al. 2017) . Of note, doses used were estimated to result in 10-25-fold higher exposure than the usual doses prescribed in humans. The Osteosarcoma Surveillance Study detected no association between teriparatide and subsequent osteosarcoma in humans after 7 years of follow-up (Andrews et al. 2012) .
A post hoc analysis of the ACTIVE trial underscored abaloparatide's anti-fracture efficacy across a wide variety of ages and baseline risks, independently of the presence or absence of previous fractures (Cosman et al. 2017a ). These results were confirmed in another post hoc analysis of the ACTIVE trial which used the FRAX tool to assess baseline fracture probability (McCloskey et al. 2017 ). Furthermore, a sub-study of the ACTIVE trial in 105 women who underwent bone biopsies reported normal cell morphology in all three groups through histological analysis, while histomorphometry revealed lower eroded surface with abaloparatide vs placebo (P < 0.05), and higher bone porosity with both drugs vs placebo (P < 0.05), implying that both drugs induce bone remodeling (Moreira et al. 2017) .
The ACTIVExtend study was designed to evaluate the effects of sequential treatment with alendronate in 1139 patients who were treated either with abaloparatide or with placebo in the original ACTIVE trial. A 6-month interim analysis published showed a significant increase in BMD in the abaloparatide/alendronate group compared to the placebo/alendronate group at all skeletal sites (+12.8, +5.5 and +4.5% vs +3.5, +1.4 and +0.5%, for lumbar spine, total hip and femoral neck respectively, P < 0.001 for all comparisons between the two groups). There was an 87% relative risk reduction for new morphometric vertebral fractures with abaloparatide/alendronate (P < 0.001 compared to placebo/alendronate), and a 52% risk reduction in the incidence of non-vertebral fractures with abaloparatide/alendronate group (P = 0.02 compared to placebo/alendronate) (Cosman et al. 2017b ). Final results from ACTIVExtend confirmed an 84% relative risk reduction in new vertebral fractures in the abaloparatide/ alendronate compared to placebo/alendronate after 43 months of cumulative treatment .
A randomized, double-blind, placebo-controlled, phase 3 study to investigate the efficacy of abaloparatide in the treatment of male osteoporosis is currently in progress (NCT03512262). In addition, the application of abaloparatide as a dermal patch is also being evaluated and a pivotal trial is expected to commence in 2019.
Sclerostin in bone
Over the last 15 years, the genetic etiology of many bone diseases has been unraveled. Major findings led to a better understanding of the regulation of bone mass through the Wnt canonical signaling pathway, which was subsequently established as the major regulator of osteoblast function (Gaur et al. 2005) (Fig. 2) . Wnt signaling also induces osteoprotegerin (OPG), an osteoblast secreted factor that negatively regulates osteoclast formation, highlighting the complexity of this pathway on bone homeostasis (Lerner & Ohlsson 2015) . Initially, mutations of the gene coding for the low-density lipoprotein receptor-related protein 5 (LRP5) receptor, a key component of the Wnt signaling pathway, were identified as the cause of the osteoporosis-pseudoglioma syndrome (OMIM # 259770) (Gong et al. 2001) , and syndromes of inherited high bone mass (Boyden et al. 2002 , Little et al. 2002 . Further studies elucidated the role of sclerostin as a major inhibitor of the Wnt signaling pathway through binding to the LRP5/6 co-receptors (Li et al. 2005) . In addition to its action to abrogate the canonical Wnt signaling pathway, sclerostin has also been shown to enhance osteoclastogenesis by stimulating the production of the receptor activator of NF-κB ligand (RANKL) from osteocytes (Wijenayaka et al. 2011) . Two inherited human diseases presenting with a high bone mass phenotype, sclerosteosis (OMIM # 269500) (Balemans et al. 2001 ) and van Buchem's disease (Balemans et al. 2002 , Staehling-Hampton et al. 2002 (OMIM # 239100), were found to be caused by inactivating mutations of SOST, the gene encoding sclerostin. Individuals with sclerosteosis have a high BMD and are resistant to fractures, but display symptoms of bone overgrowth, such as cranial nerve compression (Gardner et al. 2005) . Van Buchem's disease typically causes a similar clinical phenotype as sclerosteosis, including high bone mass and elevated levels of bone formation markers (Wergedal et al. 2003) . The role of sclerostin as a pivotal genetic determinant of BMD and fracture risk was further highlighted by evidence deriving from genome-wide association studies (Estrada et al. 2012) . Following these findings, monoclonal antibodies binding sclerostin were developed as possible anabolic agents.
Sclerostin inhibition
The therapeutic potential of antibodies directed against sclerostin was first evaluated in preclinical studies. The administration of an anti-sclerostin antibody
Figure 2
Romosozumab is a monoclonal antibody directed against the Wnt inhibitor sclerostin. Canonical Wnt signaling can be activated by binding of Wnt ligands to a receptor complex comprising of the low-density lipoprotein receptor-related proteins (LRP) 5 or 6 and a protein member of the frizzled (Fzd) family. Fzd mediates the recruitment of Axin, thereby forming a complex which inhibits β-catenin phosphorylation by glycogen synthase kinase 3 (GSK-3β). Free β-catenin accumulates in the cytoplasm, translocates to the nucleus and activates target gene expression (A). Wnt inhibitors like sclerostin bind LRP5/6, recruit Kremen and prevent binding to the Fzd receptor as well as induce internalization of LRP5/6. This stabilizes a β-catenin destruction complex consisting of Axin, GSK-3β, and adenomatous polyposis-coli protein (APC). Phosphorylated β-catenin is polyubiquitinylated and degraded by the proteasome which leads to a disruption of Wnt target gene expression (B). The monoclonal antibody romosozumab neutralizes sclerostin thereby restoring Wnt signaling (C). over 5 weeks in ovariectomized rats led to pronounced increases of bone mass and strength at several skeletal sites (Li et al. 2009 ). These effects were reproduced in ovariectomized cynos treated with two once-monthly injections of an anti-sclerostin antibody (Ominsky et al. 2010) . Another study in male cynos highlighted the potential of anti-sclerostin antibodies to improve trabecular microarchitecture (Matheny et al. 2017) . These animal studies have contributed to the elucidation of antisclerostin antibodies' mechanism of action. A marked, albeit transient, increase in bone formation on previously quiescent bone surfaces is followed by a decrease in bone resorption, thus uncoupling the two phases of bone metabolism ).
Romosozumab
Romosozumab is a fully humanized monoclonal IgG2 antibody with high specificity for human sclerostin. In a phase I multidose study in 72 healthy men and postmenopausal women, a single dose of romosozumab was associated with dose-related increases of bone formation markers up to 200% above baseline and reduction of bone resorption markers of up to 50% below baseline, while the highest dose achieved BMD increases of 4-5% at the lumbar spine (Padhi et al. 2011) . These results were confirmed by a second multidose phase I study, where romosozumab was administered over 3 months (Padhi et al. 2014 ). This study also included assessment of trabecular and cortical parameters via high-resolution QCT scans of the spine in 48 subjects and revealed significant increases in cortical BMD (+9.5%, P < 0.01) and cortical thickness (+26.9%, P = 0.06) as compared to placebo (Graeff et al. 2015) . These improvements were maintained during the 3 months of follow-up.
In the phase 2 dose-finding study, 419 women with postmenopausal osteoporosis were randomized to receive either one of five romosozumab subcutaneous dosing regimens (ranging from 70 mg every 3 months to 210 mg every month), placebo, alendronate or teriparatide for 12 months (McClung et al. 2014) . Treatment with romosozumab induced a rapid increase of bone formation markers, peaking at 1-3 months, which returned to baseline by month 6 and remained below baseline until the end of study. Conversely, there was a rapid decline in bone resorption markers, which remained suppressed until month 12. At 12 months, the average increases in BMD amounted to 11.3% at the lumbar spine, and 4.1% at the total hip, with the highest dose of romosozumab as compared to placebo (both P < 0.001). These increases were more pronounced than those observed with teriparatide or alendronate. This study continued for one more year with a blinded protocol. During the second year BMD continued to increase at a slower rate, and both bone formation and resorption markers were suppressed, implying that romosozumab primarily acted as an antiresorptive during that period (McClung et al. 2018) . At the end of year 2, eligible patients were re-randomized to either placebo or biannual injections of 60 mg denosumab for 1 year. In those switched to placebo, BMD values decreased toward baseline, while in those switched to denosumab, BMD increased at the lumbar spine by 3.7% and at the total femur by 1.1%, increases which were similar to the second year of romosozumab therapy (McClung et al. 2018) .
The first phase III study to be published was the Fracture Study in Postmenopausal Women with Osteoporosis (FRAME) (Cosman et al. 2017c) (Fig. 1) . The study recruited 7180 postmenopausal women with osteoporosis who were randomized to receive subcutaneous injections of either 210 mg romosozumab once-monthly or placebo for 12 months, followed by an additional 12 months of denosumab 60 mg every 6 months in both treatment arms. In the first 12 months, there was a 73% reduction for vertebral fractures (P < 0.001) and a 36% reduction for clinical fractures (P = 0.008), while no statistically significant difference was seen for non-vertebral fractures. During the second year, a trend toward a benefit for nonvertebral and clinical fractures persisted in the former romosozumab group when compared to the former placebo group, although this did not reach statistical significance. Thus, this study established the efficacy of romosozumab to prevent vertebral fractures, while the prevention of nonvertebral fractures was not unequivocally underpinned by this study (Cosman et al. 2017c) . In a recently published retrospective analysis of the data, the authors concluded that the 2-year BMD gains in the lumbar spine and hip with romosozumab approximated the effect of 7 years of continuous denosumab administration .
A second phase III fracture endpoint trial (ARCH) compared the effects of subcutaneous romosozumab 210 mg once-monthly with oral alendronate 70 mg once weekly for 12 months, followed by another year where both treatment groups received alendronate. Over a period of 24 months, a 48% lower risk of new vertebral fractures was observed in the romosozumab-to-alendronate group (P < 0.001). Furthermore the study reported a 27% lower risk for clinical fractures with romosozumab (P < 0.001), while non-vertebral fractures were reduced by 19% (P = 0.04), and hip fractures were reduced by 38% (P = 0.02) by romosozumab (Saag et al. 2017) , although neither of the phase III studies was powered to evaluate the effect of romosozumab therapy on hip fracture risk.
In a study evaluating the respective efficacy of romosozumab and teriparatide in patients formerly treated with bisphosphonates, the mean percentage change from baseline in total hip areal BMD was 2.6% (95% CI: 2.2-3.0) in the romosozumab group and −0.6% (−1.0 to −0.2) in the teriparatide group, highlighting the effects of transitioning to different osteoanabolic agents in patients pre-treated with bisphosphonates (Langdahl et al. 2017 ).
In the FRAME study, mild injection-site reactions were the most common adverse effect observed in 5.2% of patients treated with romosozumab vs 2.9% of patients treated with placebo. Other adverse events, including instances of hyperostosis, cardiovascular events, osteoarthritis and cancer, were balanced between the groups. One atypical femoral fracture and two cases of osteonecrosis of the jaw were observed in the romosozumab group (Cosman et al. 2017c ).
In the ARCH study, a numerical imbalance in serious cardiovascular events was described with more events in the romosozumab arm than with alendronate (2.5 vs 1.9%; OR: 1.31; 95% CI: 0.85-2.00), during the first double-blind period of 12 months (Saag et al. 2017) . Possible explanations could lie in a cardio-protective effect of alendronate or the difference in the study populations between the two phase III studies with subjects of the ARCH study displaying a higher cardiovascular risk at baseline (Khosla 2017) . Based on these results, the FDA has required additional data prior to deciding on the approval of romosozumab for the treatment of postmenopausal osteoporosis.
Additional sclerostin antibody trials
Additional sclerostin antibodies are in clinical development and have been tested in early clinical trials. BPS804 is a fully human, neutralizing monoclonal antibody directed against sclerostin. BPS804 has been investigated in patients with hypophosphatasia. Eight patients were treated with three ascending doses of BPS804 and followed for 16 weeks after the last dose. Treatment was well generally well tolerated and transient increases in bone formation markers as well as transient decreases in bone resorption markers were seen. At the end of the study, BMD at the lumbar spine had increased by 3.9% . In another open-label, phase2a trial BPS804 was tested in nine patients with moderate osteogenesis imperfecta and referenced to five control patients. At day 43, all measured markers of bone formation were significantly increased to baseline, whereas CTX was suppressed by 44% compared to baseline. Lumber BMD was increased by 4% at day 141 (P = 0.038) (Glorieux et al. 2017) .
Blosozumab is another sclerostin antibody that has been tested in a phase 2 trial (Recker et al. 2015) . In this dose-ranging study increasing subcutaneous doses of blosozumab (180 mg every 4 weeks, 180 mg every 2 weeks, 270 mg every 2 weeks or placebo) were given. Dosedependent increases in BMD were seen in spine, femoral neck and total hip BMD as compared with placebo.
Summary
There is currently a clear unmet need for additional bone anabolic agents for the treatment of osteoporosis. A better understanding of the cellular events and signaling pathways mediating osteoblast differentiation and function have contributed to the development of novel osteoanabolic agents. With romosozumab and abaloparatide having successfully completed phase 3 trials in postmenopausal osteoporosis, these agents are in the process of obtaining approval or, in the case of abaloparatide, have already been approved by the FDA. All presented trials (FRAME, ARCH, ACTIVE) have transitioned into an antiresorptive sequence therapeutic regimen, and there is a general consent that an antiresorptive therapy is required to maintain and stabilize bone improvements gained under anabolic therapy. The increase in treatment options will certainly benefit patients. However, choosing the right drug in the right sequence is becoming more complex and requires a more detailed knowledge about their mode of action. In summary, current efficacy data of the new drugs appear convincing, and the utilization of these agents followed by a potent antiresorptive drug will probably ameliorate existing therapeutic options for severe osteoporosis. Further studies will help better define the safety profiles and long-term effects of these agents, as well as their efficacy in settings other than postmenopausal osteoporosis.
Declaration of interest
Dr Rachner reports honoraria for lectures from Amgen and Roche, advisory boards from Merck and educational grants from UCB. Dr Hofbauer reports reports honoraria for lectures and educational material from Alexion, Amgen, Merck, Roche and Shire to his institution and himself, and grant support from Amgen and Novartis to his institution. Dr Göbel has nothing to declare. Dr Tsourdi reports honoraria for lectures from Amgen and educational fees from UCB.
